SEMICONDUCTOR DEVICE AND 
METHOD OF MANUFACTUEING THE SAME 



FIELD OF THE INVENTION 
5 The present invention relates to a wiring layout for a semiconductor device, 

a semiconductor device including the layout, and a method of manufecturing the 
same. 

BACKGROUND OF THE INVENTION 

10 In a conventional semiconductor integrated circuit formed on a 

semiconductor substrate, a plurality of metal wirings are formed by patterning a 
metal film such as an alimoinimi alloy film in order to connect semiconductor 
elements on the substrate to each other or to a bonding pad. In a mxiltilayer wiring 
structure, the metal wirings on the outermost sur&ce are coated with a 

15 moisture-proof insulatiiig protective film for preventii^ corrosion of the metal 

wirings, then an aperture is formed to e3qK)se the bonding pad, and thus the wiring 
process is completed. 

FIGs. 7Aand 7B are cross-sectional views showing a final step of a typical 
wiring formation in a conventional manner. These %ures show wirings arranged 

20 at a proper spacing within an integrated drcuit, together with a bonding pad. As 
shown in FIG. 7A, an insulatu^ film 2 is formed on a semiconductor substrate 1. 
The insulating film 2 comprises in general a multilayer film comprising, for example, 
a silicon oxide film of BPSG (boro-phospho-silicate glass) and TEOS 
(tetraethylorthosilicate). Though not shown in FIG. 7A or 7B, active elements such 

25 as a transistor are formed on the semiconductor substrate 1 and covered with the 

insulating film 2. Though not shown in FIGs. 7A or 7B, the elements including the 
transistor pass through the insulating film 2 so as to be connected to internal 
wirings. A circuit internal wiring 3 comprising an aluminimi alloy film and a 
bonding pad 4 are formed on the insulating film 2, further on which a protective film 

30 5, such as a PSG (phospho-sOicate glass) / silicon nitride (SiN) film and a SiN film, is 
formed. Furthermore, a resist film 6 is applied thereto. Next, as shown in FIG. 
7B, the resist film 6 is used as a mask for etching the protective film 5. An aperture 
7 for wire bonding is formed on the bonding pad 4 so as to expose the surface of the 
bonding pad 4, and then the resist film 6 is removed. 

35 JP 61 (l986)-59739 suggests a method of laminating a sihoon nitride film 

and a silicon oxide film on an alviminum wiring and forming an electrode takeoff by 
etching with a use of a resist as a mask. 
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In a large-scale semiconductor integrated drcuit, several dozens of wirings 
are arranged in parallel and the wirings are often bent at a right angle. Such 
wirings are formed, e.g., in the vicinity of a power source around a semiconductor 
chip or aroxmd a memory circuit part. FIG. 8 shows comers of three alimiinvim 
5 alloy wirings 8. As shown in FIG. 8, the wirings can cause defects 9 ia the 

insulating protective film in clearances between the wirings at the comer. The 
defects 9 are found during an examination of the protective film surfece fi:om which 
the resist film has been removed subsequent to formation of an aperture for wire 
bonding in accordance with the step indicated in FIGs. 7A and 7B. 
10 The defects in an insulating protective film may allow water or the hke to 

penetrate into the wiring layer disposed beneath and cause corrosion. As a resiilt, 
reliability as a semiconductor integrated circuit will be damaged considerably 

SUMMARY OF TEIE INVENTION 

15 For solving the above-mentioned problems, an object of the present 

invention is to provide a semiconductor device, and a method of manufiicturing the 
same. The semiconductor device can be manu&ctured without being subjected to 
any additional steps that will raise the cost, since substantially no defects occur in 
the insvdating protective film after an etching step for forming an aperture to expose 

20 the bondii^ pad. 

For achieving the object, a semiconductor device of the present invention 
includes a plurality of wirii^ or conductive film patterns on a semiconductor 
substrate, and clearances are formed between the wirings or the conductive film 
patterns. The semiconductor device is characterized in that a protrusion is formed 

25 at a comer or an end part of at least one of the wirings or the conductive film 
patterns so that the protrusion feices the clearance. 

A method of manufecturing a semiconductor device according to the present 
invention includes- forming a plurality of wirings or conductive film patterns on a 
semiconductor substrate by photoUthography and etchiag, and also forming 

30 clearances between the wirings or the conductive film pattems. The semiconductor 
device is characterized in that a protmsion is formed at a comer or an end part of at 
least one of the wirings or the conductive film pattems so that the protmsion faces 
the clearance. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGs. LA and IB are wiring diagrams showing layouts according to a first 
embodiment of the present invention. 
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FIG. 2 is a wiring diagram showing a layout according to a second 
embodiment of the present invention. 

FIGs. 3A and 3B are wiring diagrams showing layouts according to a third 
embodiment of the present invention. 
5 FIG. 4 is a wiring diagram showing a variation of a layout according to the 

third embodiment of the present invention. 

FIG. 5Ais a wiring diagram showing a layout according to a fourth 
embodiment of the present invention. FIGs. 5B and 50 are wiring diagrams 
showing respectively variations of the layout of FIG. 5A 
10 FIG. 6 is a wiring diagram showing a conventional layout having wirii^ 

bent at a comer. 

FIG. 7A and 7B are cross-sectional views showing a conventional process for 
forming an aperture for exposing a bondii^ pad. 

FIG. 8 is a wiring diagram showing a conventional layout with wirings bent 
15 at a comer and defects in an insulating protective film 

FIG. 9 is a wiring diagram showing a conventional layout coated with an 
insulating protective film 

FIG. lOAis a cross-sectional view taken along a line of V-V in FIG. 9, or 
lines of ri and n-n in FIG. IB. FIG. lOB is a cross-sectional view taken aloi^ a 
20 line of VI-VI in FIG. 9B. 

FIGs. llAis a cross-sectional view taken aloi^ a line of V-V and FIG. IIB is 
a cross-sectional view taken along a line of VI-VI in FIG. 9, which show occvirrence of 
defects durir^ a conventional step of forming an aperture for exposing a bonding 
pad. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, a protrusion is formed at a comer or an end part of 
at least one of a plurality of wirings or conductive film patterns on a semiconductor 
substrate, and the protrusion is directed to a clearance provided between adjacent 

30 wirings or the conductive film patterns. This structure is useful in avoiding a 

disadvantage that the insulating protective film has holes at positions other than the 
position on the bonding pad, during a subsequent etching step for forming an 
aperture to expose the bonding pad. Therefore, the present invention substantially 
does not require any additional steps that wiU raise the manufeicturing cost, i.e., 

35 steps of increasing the thickness of a resist and smoothing the insulating protective 
film as an imdercoat, and fixrthermore, the dimension of the semiconductor chip wiU 
not be increased. 
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The protrusion can be directed outward fix^m the comer of the wiring. 
Alternatively, the protrusion can be shaped as an inward extension to bridge the 
comer. 

The plural conductive film patterns can be provided with a Tshaped groove 
5 or a cross-shaped groove for separating the patterns, and a protrusion can be formed 
at a comer of at least one of the conductive film pattems positioned at a crossing of 
the respective groove portions constituting the Tshaped groove or the cross-shaped 
groove. 

The plural wirings including a first wiring and a second wiring are formed 
10 substantially in parallel with a predetermined spadi^ on the semiconductor 

substrate, and an end part of the second wiring is positioned along one side of the 
first wiring. At least one protrusion can be formed at the end part of the second 
wiring so as to protrude toward the first wiring, or at least one protrusion is formed 
at the side of the fijrst wiring that faces the second wiring, so that the protrusion 
15 protmdes toward the second wirii^. 

The protrusion has an area ranging fix)m about 0.2 \mi^ to about 3.0 jmi^ 
depending on the thickness or density of the wirings, or preferably, ranging from 0.7 
jmi2 to 1.5 [im2. 

It is also preferable that the semiconductor substrate is provided further 
20 with a bondii^ pad made of the same film as the wirings or the conductive film 

pattems, and an insvdating protective film coated on the wirings or the conductive 
film pattems and provided with an aperture to e3q)ose the sur&ce of the bonding 
pad. 

According to the manufeicturing method, the protrusions are formed at 
25 predetermined portions of wirings arranged in parallel or conductive film pattems 
made of a metal film or the Kke, so that the clearances between the wirings or the 
conductive film pattems can be decreased. Accordingly, a protective insulating film 
formed thereon can contact with any portions on the surfece of the clearances 
between the wirings or the conductive film pattems so as to prevent defects in the 
30 protective insulating film 

It is preferable in the method of manufeicturing the semiconductor device 
according to the present invention that the method comprises further- forming, on 
the semiconductor substrate, a bonding pad made of the same film as the wirings or 
the conductive film pattems; forming an insulating protective film for covering the 
35 wirings, the conductive film pattems and the bonding pad; forming a patterned 

photosensitive resin film on the insulating protective film : and etching selectively the 
insulating protective film by using the photosensitive resin film as a mask, thereby 
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forming an aperture in the insiilating film so as to expose the bonding pad. 

Conventionally, an insulating protective film may have unnecessary holes at 
some portions due to a step of formiag an aperture for exposiag a bonding pad. The 
present invention can solve the problem by forming protrusions at comers inward or 
5 outward of the wirings formed on the semiconductor substrate. Since the 

modifications according to the present invention involves only the wiring layout, the 
present invention substantially does not require any additional steps that will raise 
the manufactvtring cost, i.e., steps of increasing the thickness of a resist and 
smoothing the insulating protective film as an undercoat. Furthermore, the 

10 dimension of the semiconductor chip will not be increased. 

Specific embodiments of the present invention will be described below by 
referring to the attached drawii^. 
(First embodiment) 

FIGs. lAand IB are wiring diagrams, each of which shows a layout of an 

15 outermost layer of multilayer wirings accordir^ to a first embodiment. Each of 
FIGs. lA and IB shows comers of three of plxiral wirii^ arranged on a 
semiconductor chip, and the three wirings are bent at substantially 90**. FIG. lA 
shows a wirii^ pattem layout on a reticle, and FIG. IB shows a wiring pattem 
formed on a semiconductor substrate. Though a plurality of wiring patterns 101 

20 are arranged in parallel as in a conventional maimer, protmsions 102 are formed at 
the comers outward of the inner wiring patterns 101. In this stmcture, clearances 
between the wiring patterns 101 are decreased aroimd the comers, while or^inaUy 
des^ned clearances are kept at the parallel parts. It is preferable that the 
clearances between the protmsions 104 and the wirings 103 are set not to be smaller 

25 than a minimima xmder a rule for pattem designing, so that a short between wirings 
during photoHthography can be prevented. Wirings formed by using the reticle 
maintain substantially the reticle pattem though the edges of wirings 103 and 
protrusions 104 are somewhat roxmded as shown in FIG. IB. In an example, a 
conductive film having a thickness of 0.3 \xm to 1.0 ^un and made of an alimainum 

30 alloy such as AlCu or AlSiCu is appUed by etching or the like on an insulating film 
formed on a semiconductor substrate. Resists are formed at portions to make 
wirings by photolithography, and etched to remove the conductive film between the 
wirings, then the resists are removed. 

In the example of FIG. IB, the width of the wirings is 0,6 |Ltm, a distance 

35 between the wirings is 0.8 pun, and one protrusion has an area of 0.8 [jun^. Here, 
the area of one protrusion denotes a difference between an area of a wiring pattem 
of the present invention (FIG. IB) and that of a conventional wiring pattem as 



5 



illvistratedinFIG. 9. 

The above-described wiring pattern is useful in preventing the defects that 
can occur conventionally in an insulating protective film after forming an aperture in 
an insvilating protective film so as to expose a bonding pad. 
5 The above-mentioned effects of the present invention will be specified 

further below. First, the inventors verified through examinations a cause of the 
defects in an insulating protective film made of SiN or the like. FIG. 9 shows 
comers of wirii^ 8 in a conventional layout formed on a semiconductor chip. 
Though not shown in FIG. 9, an insulating protective film is formed on the wirings 8. 

10 Dotted hnes along the wirii^ 8 denote ec^s of the insulating protective film on the 
sur&oe of each wirii^ 8. Depending on the thickness of the insulating protective 
film, the edges of the insulating protective film on the adjacent wirii^ 8 come to 
contact with each other in regions where the wirings 8 are in parallel, thereby 
sealing the clearance between the wirii^ 8 (FIG. lOA). This wiU occur often at 

15 portions where the wirings are arranged at a narrow spacing. At a comer, the 
clearance between the comers of the adjacent wirings is wider (1.41 times the 
parallel parts), and thus the edges of the insiHating protective film are not contacted 
with each other, and concavities 10 are formed (FIG. lOB). 

FIG. lOAis a cross-sectional view taken aloi^ a line of V-V in FIG. 9, in 

20 which an insidating protective film 5 of SiN is formed by a plasma CVD for 

accelerating the growth rate. The insulating protective film 5 on the wirii^ 8 
cannot cover the wirings 8 fiilly, and thus it is contacted with each other at the upper 
portions of the dearanoes while voids 11 are formed at the bottom. As shown in 
FIG. lOA, the cross section of the insulating protective film formed at sides of each 

25 wiring is thick at the upper portions and thin at the bottoms of the wirings. Here, 
the term "edge" of an insiilating protective film denotes an edge at the thickest 
portion, and it is indicated with each of dotted lines 13 in FIG. 9. FIG. lOB is a 
cross section taken along the line of VI-VI in FIG. 9. Since the clearance between 
the wirings is the bigger at the comers, the edges of the insxilating protective film 5 

30 are not contacted with each other at the upper portions of the wuings 8, thereby 
forming concavities 10. 

FIGs, IIA-IIB include cross-sectional views showing a process of forming 
apertures in the insulating protective film to expose the bonding pad, when the 
insulating protective films are in a state as shown in FIGs. 9 and lOA, lOB. FIGs. 

35 llA and IIB are cross-sectional views respectively taken along the lines of V-V and 
VI- VI in FIG. 9, &om which the bonding pads are omitted. As shown in FIG. IIA, a 
resist film 6 applied on the portion where the wirings 8 are in parallel (V V cross 



6 



section in FIG. 9) has a substantially plane sur&ce since the edges of the insulating 
protective film 5 are contacted with each other to seal the clearances between the 
wirings 8. However, since a part of the material of the resist film 6 will flow into the 
voids 11 through the concavities 10 formed in the insulating protective film 5 
5 between the wirings 8 at the comers (VI-VI cross section in FIG. 9), the thickness of 
the resist film 6 on the concavities 10 wOl be decreased. 

After a patterning process, the resist film 6 is subjected to a post 
baking-curing treatment at about 100*^C to 140°C. At this time, a gas in the voids 
11 expands and blows off the thin portions of the resist film 6, and thus the resist 

10 film 6 has holes. In this manner, the resist defects 12 are formed (the VI-VI cross 
section in FIG. IIB). The insxdating protective film 5 is removed from the resist 
defects 12 when etching is carried out for forming apertures in the insulating 
protective film 5 in order to expose tiie bonding pad, and thus defects 9 are formed in 
the insulating protective film as shown in FIG. 8. Alternatively, even if the resist 

15 film 6 is not blown off, it will be removed during a subsequent etching step, and the 
thus exposed insulating protective film is etched further to cause defects 9. The 
cross section taken along the line of V-V in FIG. IIB corresponds to the cross section 
taken along the line of Hi-Ill in FIG. 8, while the cross section taken along the line of 
VI-VI in FIG. IIB corresponds to the cross section taken along the line of IV-IV in 

20 FIG. 8. 

According to the first embodiment of the present invention, the protrusions 
104 are formed outward the comers of the wirings (FIG. IB) so as to decrease a 
distance between the adjacent wirings. Therefore, the edges of the insvdating 
protective film on the adjacent wirings 103 wiU be contacted easily so as to prevent 
25 the formation of the concavities 10 as shown in FIGs. 9 and lOB. 

The dotted lines 105 and 105' in FIG. IB denote edges of the insulating 
protective film on the wirings 103. In the cross section taken along the line TI, 
edges 105' will be contacted with each other. Similarly, the clearances between the 
wirings 103 are decreased at the comers as weU in the cross section taken along the 
30 hne IJ-II (FIG. lOA), and thus the edges 105' in the insulating protective film on the 
wirings 103 will be contacted with each other. Since concavities 10 as shown in FIG. 
9 will not be formed, defects in the insulating protective film can be prevented. 

In the first embodiment, protrusions are formed outside the comers of the 
wirings. Alternatively, protrusions can be formed inside, or at both sides of the 
35 comers of the wirings so as to decrease the clearances between the wirings. 
(Second embodiment) 

FIG. 2 is a wiring diagram showing a layout according to a second 
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embodiment. In this layout, inward extensions (triangular protrusions) 202 are 
formed to bridge comers of wirings 201 made of an aluminimi alloy film or the like. 

In the example of FIG. 2, each wiring has a thickness of 0.6 ^un, a distance 
between the adjacent wirings is 0.8 ^rni, and an extension has an area of 0.15 ^mi^. 
5 FIG. 2 shows that this structure contributes to decrease a distance between 

an outward top of each of the inner wirings 201 at the comers and each of the 
extensions 202, in comparison with a conventional layout as shown in FIG. 8. 
Accordingly, edges in the insulating protective film on the adjacent wirings 201 can 
be contacted with each other so as to prevent defects in the protective film even after 

10 a step of forming an aperture in the insulating protective film so as to expose a 
bonding pad. Furthermore, since the extensions 202 in this embodiment has a 
simple shape in comparison with the protrusions 104 in the first embodiment, the 
mask can be designed easily. 

FIG. 6 shows a modified example of a conventional layout. In FIG. 6, a 

15 plurality of wirings arranged in parallel are inclined by 45"" at comers without 

changii^ the clearances between the wirings. In this case, the distance between 
the wirings at comers (601a-601c) does not chai^. However, since lines 'a' and V 
linking the comers of the respective wirii^ cross each other at a certain point 
located inside the wirings, the numbers of the inclined wirings will be hmited. 

20 Furthermore, this layout wiU lead to an increase in the area for the wirings on a 
semiconductor chip. 

In a layout of the present invention as shown in FIG. 2, lines 'a' and V 
hnking the comers are parallel. As a result, tiie numbers of the wirings wiU not be 
limited, and aU of the wirings can have the extensions 202 so as to prevent defects in 

25 the insulating protective film 

The above description concerns a layout composed of a plurality of wirings 
having comers. Other layouts may have defects in the protective film after a 
process of etching to form an aperture in the insulating protective film so as to 
expose a bonding pad. The present invention can be apphed to prevent such 

30 problems. 

(Third embodiment) 

FIG. 3A shows a layout of a metal film pattem made of a wiring aluminum 
aUoy or the like according to a third embodiment. FIG. 3B is a conventional layout 
shown for comparison, where a clearance between pattems 301 forms a T-shaped 

35 groove. When coating three metal pattems 301 and depositing an insulating 
protective film of SiN or the like by a plasma CVD or the hke, the insulating 
protective fihn will have edges due to the metal pattems 301 as indicated as the 
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dotted lines 303. A cross point in the T-shaped groove forms a concavity 304 at 
which the edges of the insvdating protective film are not contacted with each other. 
That is, the insulating protective film may have a defect at this portion. 

A layout of the present invention shown in FIG. 3A includes three large 
5 metal patterns 301 made of the same metal layer as an integrated drcuit internal 
wiring layer, forming a T-shaped groove. Protrusions 302 are formed at the comers 
of the metal patterns positioned at the cross point of the groove. 

In the example in FIG. 3A, a distance between the metal patterns is 1,0 \xm, 
and one protrusion has an area of 0.15 [nm^. 

10 In this structure, the groove is narrowed, and the edges 303' formed due to 

the three metal patterns 301 are contacted at the cross point of the groove portions, 
and thus the concavity 304 is eliminated substantially. This is useful in preventii^ 
defects in the insulatii]^ protective film even aj9:er an etching step for forming an 
aperture to expose a bondii^ pad. 

15 In FIG. 3A, protrusions 302 are formed at two comers of the metal patterns 

301. A protrusion can be formed at one part, or at least one protrusion can be 
formed at an end part of a metal pattern other than the comers aroimd the cross 
point, depending on the condition of the insulating protective film 

FIG. 4 shows a variation of the layout according to the third embodiment, 

20 i.e., a cross-shape groove formed by metal patterns 401. Four protrusions 402 are 
formed at fovir comers of the metal patterns 401 in the same manner as shown in 
FIG. 3A. Alternatively, protmsions can be formed at one to three comers, 
depending on the condition of the insulating protective film on the cross point. 
(Fovirth embodiment) 

25 FIGs. 5 A and 5B show layouts according to a fourth embodiment of the 

present invention, while FIG. 5C shows a conventional layout. In FIG. 5C, a wiring 
501 is arranged in parallel to a long and continuous wiring 502, at a spacing to allow 
edges 504 and 504' of an insulating protective film formed on the wirings to contact 
with each other. An end part of the wiring 501 is positioned at the center in FIG. 

30 5C. In this case, a void 11 as shown in FIG. lOA exists at the clearance 505 

between the edges 504 and 504', and this portion may not be coated completely with 
the insulating protective film. Therefore, micro-pores can be generated at the 
clearance 505 on the surface of the insulating protective film. A resist coated on 
this film may be decreased in thickness due to a leakage through the micro-pores, 

35 causing defects in the insulating film after an etching step for forming an aperture to 
expose a bonding pad. 

For preventii^ this problem, the distance between the wirings wiU be 
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decreased by forming at least one protrusion 503 at the end part of the wiring 501 to 
face the wiring 502 as shown in FIG. 5A. 

In the example shown in FIG. 5A, the width of the wirings is 0.6 iim at the 
straight part. A distance between the wirings is 0.8 fxm, a protrusion has an area of 
5 0.8 jim2, and a distance between the protrusion 503 and the wiring 502 is 0.6 pm. 

Accordingly, deterioration of the insulating film at the clearance between 
the two wiring can be prevented. Alternatively, a protrusion 503' can be formed at a 
side of the wirings 502 to face the end part of the wiring 501 as shown in FIG. 5B. 

The above-described layouts according to the embodiments include 
10 protrusions at comers of wirings or the hke in order to allow the edges of the 

insulating protective films to contact each other. The protrusions will be formed at 
specified portions as required, while there are no substantial changes especially in 
the clearance between plural wirings arranged in parallel As a result, wiring 
capacitance through an insrdating protective film will not increase. Therefore, for a 
15 layout having a plurality of long wirings arranged adjacent and in parallel to each 
other, e.g., an address line for a SRAM (static random access memory), cross talk 
caused by a capacitance coupling between wirings in a same layer can be avoided. 
In addition, this system can provide a semiconductor device with high-speed 
performance. 

20 The first to fourth embodiments refer mainly to pattern layouts of wirings 

or the hke. Substantially, conventional manufecturing process can be appHed to 
semiconductor devices induding these layouts. That is, a bonding pad is formed on 
an insulating film formed on a semiconductor substrate, by using the wirings, the 
metal patterns or films having the same pattems as shown in the first to fourth 

25 embodiments. Then a protective insulating film is formed thereon. Next, a resist 
film is coated on the protective insxilating film and an apertiu-e pattem is formed on 
the bonding pad. Then, the insulating film is etched by using the resist pattem as a 
mask, thereby forming an aperture. 

The invention may be embodied in other forms without departing fix>m the 

30 spirit or essential characteristics thereof The embodiments disclosed in this 

application are to be considered in all respects as illustrative and not limiting. The 
scope of the invention is indicated by the appended claims rather than by the 
foregoing description, all changes that come within the meaning and range of 
equivalency of the claims are intended to be embraced therein. 
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